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5STRACT

Recovery of methane from Gulf Coast
Ieopressured-geothermalreservoirsdoes not appear
;Obe profitable without a rise in natural gas
m-icesto offset high production costs. Fluid

lis~al by injection even into shallow aquifers
M also expected to be costly. If injection into
:heproduction reservoir becomes necessay to
iaintainproductivity and to minimize subsidence,
:he injectionpumping costs approach and even
?xceedthe value of the recoverablemethane. An
>ptionaimed at reducing the injectionpump oper-
ating costs is to maintain a higher th~ normal
sressureat the productionwellhead to reduce the
;njection-pumpingwork load. This option,

however, is considerablyless attractive if that
portionof methane still dissolved at elevated
pressurecannot be recovered. Therefore, there is
? strong incentive to devise methods for extract-
ingmethane at high pressures and temperatures.
;everalmethds have been identifiedand examined
?or technical feasibility,potential benefits, and
]roblemsof implementation. Liquid extraction
/itha very lW water-solubleorganic is a techni-
callyfeasiblemethod and looks promising as an
~pplicableprocess. A candidate solvent is hexa-
iecane,a paraffinic hydrocarbonwith the neces-
;ary phase-equilibriumthermodynamicproperties to
satisfythe technical requirementsfor such an
>peration,without any obvious economic barriers.
;as stripping is another technicallyfeasible
nethod,but the economics do not look favorable
~ecauseof gas dissolutionlosses. Freon refrig-

erants were considered because of their ease of
product-strippinggas separation and nitrogen was
consideredbecause of its lcw cost. Brine-driven

positive displacementpumps and hydraulic turbines
directly coupled to pumps with provisions for
methane exeoluticm are technicallyfeasible con-
cepts and could eliminate or greatly reduce pump
power costs. These extractionoperations will not
preclude the option of recovering the thermal
energy ccmponent, if desired. More detailed anal-
yses of these methods includingmeasurements of
mutual solubilitiee,tests of small extraction
columns, design and tests of prototype machines

References and illustrationsat end of paper.

nd gas separators, and estimates of process costs
re now in progress.

NTRODUCTION

Recent technical and economic assessmentsof
lethane(CH4)production frc+ngeopressured-
;eothermalreservoirs in the Texas and Louisiana
;ulfC~ast area have been made by Swanson and
lsoba, and Doscber et al.2 They conclude that to
~btaina reasonable return on capital for CHQ re-
xxreryfrom reservoirswith properties shown in
?able1, the CH4 selling price must be in the
rangeof $7.50 to $9.24ficf.

Swanson and Osobal further state that the

)7.50/Mcfwill produce only a small profit and is
>asedon optimistic reservoirparameters. Doscher

X al.2 emphasize that a great deal of optimism
-Iasused to arrive at their $9 to $WMcf sellin9
~rice. Semuels3 also concludes that “unless the
Iethanecontent and market value are sufficient to
)ffsetthe cost of the production and reinjsction
Tells,there is currently little incentive to de-
relopthis resource.” It is clear that at the
mesent value of methane (-$3.50/Mcf),commercial-
izationof the geopressured-geothermalresource
?illnot be expected in the near future. Exploi-
tationof the resource will indeed be unlikely,
jarringunforeseencircumstancessuch as t~ dis-
:overyof large quantities of free CH+ gas or
lighlyproductive reservoirs,unless the CHQ sell-
ing price rises steeply relative to expenses or
significantreductions in production costs are
schieved. Production and injectionwall capital
costs comprise the major share of expenses, but
the operating snd maintenance (O&M) costs for in-
jection are also significant. Doacher et al.2
approximatethe O&hicosts for injection with the
following formula:

$/bbl = $0.02 + 0.005($/Mcf)p . . - . . . (1)

where $/Mcf is the selling Price of CYJ and p is
the required injection pressure in 10 Psi. Pump
power costs are proportional to injection pressure
and the value of CH4. The $0.02 constant accounts
for Pump maintenance costs.



GSOPRESSUREDBRINS AT HIGH TEMFEIWKJREAND PRHSSURE SPE 9469

At 40 scf CHk/bbl brine, the vslue of CH4/bbl
mine is (0.04)($/Mcf). Assuming that the pres-
;urerequired for injection into shallow aquifers
6000-ft deep) is 1000 psi, then the ratio of in-
wtion O&M costs to the value of CHQ is given by

R = 0.5/($/Mcf) + 0.125 . . . . . . . . . (2)

The injectionO&M costs relative to the value
>fCH~ are, from equation (2), between 17.5% for
)10/Mcfgas and 26.88 for $3.50/Mcf gas, clearly a
significantpercentage. The O&M costs are predom-
inatelypump power and maintenance costs, which
:ise steeply with required injection pressure and
>eccmeprohibitivelyhigh for geopressuredwaters
rith low CH4 content.

It is clear that measures that could reduce
~njectioncosts muld contribute significantlyto
the economic viability of geopressuredresource
ievelopnent. A potential option in the production
>f geopressuredaquifers is to maintain sufficient
?ressureat the wellhead to reduce the injection
Pp workload. For shallow injection hrizons,
iirect injectionwithout pumping may be feasible.
[f it becomes necessary to inject into the pro-
hction reservoir for pressure maintenance and
subsidencecontrol, injectionpumping O&M costs
zould easily exceed the value of recoverableCH4.
kgain, by maintaining higher than normal produc-
tion wellhead pressures, the power requirements
Eor injection pumping could be substantiallyre-
duced to a level where an economic advantage is
gained even though production rates are also re-
duced. However, the potential savings would be
~ffset by the 1C6S of CH4 still dissolved at the
elevatedpressures. There is a large incentive,
therefore,to be able to extract CHQ at high pres-
sures and also at production fluid temperaturesto
permit recovery of the thermal energy component
frcm the CHq-depletad brine.

There are several potential methods for ex-
tracting dissolved CH4 at produced-brinetempera-
tures of 150°C and at anticipatedpressures of
1000 to 1500 psi for injection into 6000-ft deep
aquifers. The chemical techniques include gas
stripping,which is technicallyviable but may not
be economical,and solvent extraction. Mechanical
methods consist of positive-displacementhydraulic
motors and hydraulic turbines coupled directly to
pumps with provisions for CH* exsolution. Al-
though the ensuing discussion addressesCHQ ex-
tractionmethods at pressures required for injec-
tion into shallrw aquifers, these methods, in
theory, should be applicable at the higher pres-
sures necessary for injection into the production
reservoir and may indeed be of greater value.

GAS STRIPPING

Gas stripping or deaorption is a ccinmonchem-
ical process for recovery of dissolved gases in
liquid streams. It skrmld be possible to strip
dissolvedCHk fran geopressuredwaters by applica-
tion of this technique. In order to maintain
pressure for direct injection purposes, resorption
of CH4 would be accomplishedat injectionpres-
sures between 1000 and 1500 psi. The stripped CH4
is recovered after separation from the working
gas, while the spent liquid (still under pressure)
is dis~ed of by injectionwithout the necessity
for pumping. The economic viability of this prc-

:ess depends on identifyinga stripping gas that
is either exceedingly inexpensiveor has minimal
6olubilityin geopressuredbrines.

Obviously, air would be the least expensive
~as stripping agent. However, there are at least
hvo critical limitations. Firstr the formation of
en explceive air-methanegas mixture would not be
acceptable. Second, the corrosivenessof the
>rinewould greatly increase with aeration.

It should be emphasized that CH4 volubility,
>ven in pure water, is only 10 scf/bbl at 150°C
md 100 atm.5~6 In 16 wt% Scx3iumchloride
(NsC1),CH+ volubility at the same temperatureand
?ressureis significantlyreduced to about 5 scf/
sbl.6 The lower CH4 concentrationwould signifi-
cantly raise the necessary profitable CHq selling
?rice that was discussed above. At 10 scf/bbl,
:H+ is worth $0.035/bbl (at $3.50/Mcf). The value
>f any stripping agent that is dissolved and pre-
sumably lost in the spent brine must therefore be
Substantiallyless than $0.035/bbl brine.

Another way to view the economics is to com-
pare the value of CH4 to bulk liquid nitrogen
(liquidN2). The value of CHq at $3.50/Mcf trans-
lates to $0.079/lb,while liquid N2 delivered in
quantitiesgreater than 1 l@icf/mocosts about
$0.04/lb.7 In short, because CH+ is so relatively
inexpensiveand its equilibriumconcentrationin
the brine so low, the clmice of a stripping agent
is critical and severely limited. Another consid-
eration is the cost of the subsequent gas separa-
tion process that is necessary to recover pipeline
~ualityCH4, as well as the stripping agent for
recycle. We have considered separationmethods
ranging frcm selectiveCH4 absorption to condensa-
tion of either CH4 or the stripping agent.

HalogenatedHydrocarbons

The first stripping agents we consideredwere
the halogenatedhydrocarbons,namely Freon* re-
frigerants. Freon would be completely vaporized
on contact with the hot brine, producing excellent
gas-liquid interracialcontact for stripping dis-
solved CH*. Gaseous Freon is condensed and sepa-
rated from CH4 at a temperaturewhere the partial
pressure of Freon in the recoveredCHo stream is
acceptably low in terms of cost and CH4 purity.

However, only a few Freon compounds have the
desired thermodynamicand thermochemicalproper-
ties to auffica as potential stripping agents.
The stripping agents must be sparingly soluble in
the geopressurizedbrines at temperaturesof 150”C
and at pressures of about 100 atm. They must be
thermally and chemically stable in the brine en-
vironment. Finally, their critical temperatures
must be less than 150°C to assure complete vapori-
zation for stripping purposes, yet have low vola-
tility for ease of condensationin the gas separa-
tion and purification step.

The difficulty in selecting an a~ropriate
stripping agent is partly because of the scarcity

●Reference to a company or product name doea
not imply approval or recommendationof the
product by the University of California or
the U.S. Department of Energy to the exclu-
sion of others that may be suitable.
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of volubilitydata in the literature at these
temperaturesand pressures. In our initial
search, we found that dichlorotetrafluoroethane
(Freon 114) met scme of the criteria. Ita criti-
cal temperatureis 145.7°C and its normal boiling
point is 3.77”C.8 However, at 100 atm and 150”C,
its volubility in brine may be too high to be cost
effective. Stepakoff and Modicag measured the
volubilityof Freon 114 and other halocarbon re-
frigerants in aqueous systems containing as much
as 7 wt% NaCl between O and ~;°C. From the cor-
relation given by Prausnitz, we plotted the
Freon 114 volubility data versus l/temp on semilog
coordinatesin Fig. 1 and extrapolatedto 150”C to
give a volubilityof about 4.4 ppm/atm. Assuming
a Henry’s law relationshipis valid to 100 atm,
then the calculated volubilityof Freon 114 at
that pressure in 7 wt% NsC1 at 150°C is about
440 ppm. At $1.80/lb for Freon 114 (see Ref. 11),
the value of Freon 114 dissolved in the brine and
presumably not recoverableexceeds the value of
CH4 by eightfold.

Other halogenatedhydrocarbonsare not likely
to be better. Partially halogenatedhydrocarbons
are considerablymore soluble than completely
halogenatedhydrocarbons,e~9~12 so it appears
that at a partial pressure of 100 atm only the
cheapest gases such as N2 would even begin to
approach economic feasibility.

Determinationof relative process flow rates
and number of stages in an ideal countercurrent
operation can be made, however, for stripping by
any gas. An extrapolationof O’Sullivan’s and
Smith’s data6 on CH4 volubility in O to 4M NaCl at
51.5 to 125°C and 100 to 600 atm gives an average
Henry’s constant of 1.47 x 105 atm for CH4 in 3M
NaCl at 150°C and O to 100 atm. Using this value
to construct the equilibriumcurve, we determined
tbe number of ideal stages for a countercurrent
multistage operation. With 0.56 lb Freon 114/
100 lb brine, which correspondsto twice the mini-
mum gas requirements,between three and four ideal
stages are required for 90% recovery of CHQ from
brine. The stage efficiency depends on the design
characteristicsof the stages and the properties
and flow rates of the fluids. For absorptionor
strippingof sparingly soluble,~ases, tray effi-
ciencies can be as lcw as 10%. Therefore, a
strippingoperation may require towers with 30 to
40 stages. In practice, it may be more cost ef-
fective to use fewer stages and higher gas-to-
liquid ratics.

Similarly, it was determined that approxi-
mately four transfer units are required in a con-
tinuous differentialcontractor, assuming the
worst case where the principal diffusional resis-
tance resides in the liquid phase. The number of
transfer units is an indicator of the ease or dif-
ficulty of the mass transfer operation.

The gas strippingoperation with Freon 114 is
illustratedin Fig. 2. The process flows merely
illustraterelative quantities based on the equi-
libria data, 90% CH4 recovery, and twice the mini-
mum gas-liquid ratios that were used stove for
stage determination. Freon is condensed at a wn-
servativelylow temperatureto minimize vapor
losses in the CH+ recovery stream and then
recycled.

!Jitrogen

Liquid NZ delivered by truck in quantities on
the order of 10 14Mcf/mocosts approximately
$0.04/lbplus transportation. Large users able to
absorb the capital costs of a N2 pipeline can re-
duce the costs to perhaps $0.02/lb. Although the
cost of liquid NZ is less than CH~ selling at
$3.50/Ncf ($0.079/lb),its volubility at 150”C,
extrapolatedfran data between 51.5 and 125°C,6 is
roughly equal to that of CH4 on a weight basis.
Therefore, at $0.04/lb, 50% of the recoverableCH*
value would be lost by dissolutionof N2 gas in
the brine. With these inherent losses, stripping
CH+ with N2 is not promising unless CH+ prices
were to rise dramaticallyfaster than liquid NZ
prices. This is a conceivable,but unlikely event.

In the event that NZ could be used, then the
stripped CH4 could be separated from N2 by prefer-
ential absorption with an appropriatehydrocarbon.
Methane in essentiallypure form would be recov-
ered by simple depressurizationof the hydrocar-
bon. Both the volubilityof N2 in the hydrocarbon
and the vapor pressure of the hydrocarbonmust be
sufficientlylow to minimize 10ss of Nz and the
hydrocarbonduring the CH4 recovery step. LOW
vapor-pressureparaffinic hydrocarbonsmuld be
excellent absorbants for CH*. However, the volu-
bility of N2 in, for example hexadecane, is also
quite highlq and may be indicativeof tbe lack of
absorbantswhich are selective for CH* in mixed
gases.

Figure 3 illustratesthe gas stripping opera-
tion using N2 gas. The process flow rates are
based on the same assumptions as the Freon 114
operation. As indicated,CH4 could be separated
from N2 by liquefactionor by preferential absorp-
tion. However, liquefactionmay be inefficient
and energy intensive because of the large fraction
of noncondensableN2 gas. Absorption of CH4 would
be feasible, provided an absorbant selective for
CH+ could be identified.

SOLVENT EXTRACTION

The use of a paraffinic hydrocarbonfor di-
rect contact with the geopressuredbrines to ex-
tract dissolvedCH+ looks promising. The process,
conceptually,is quite simple. A high-boiling,
paraffinic hydrocarbon is contacted with the brine
in an extraction tower. Methane, being more sol-
uble in the hydrocarbon, is extracted and subse-
quently recovered in essentially pure form by
depressurizationof the extract. Solvent 10ss is
controlled by selecting a lowvapor-pressure
compound.

A promising hydrocartmncandidate is hexadec-
ane, which has a vapor pressure of 10 mm Hg at
149.8°C and a volubility in water that is presum-
ably quite low. We estimated hexadecane volubil-
ity using McAuliffe15 250c volubility data on CI

to Ca normal paraffinic hydrocarbons,extending to
C16 his interpretationthat on an equal hydrocar-
bon vapor pressure basis, approximatelythe same
weight of paraffinic hydrocarbondissolves in
water. The volubilityof hexadecanewas, there-
fore, roughly estimated by multiplying the
n-octane volubilityat 25°C by the ratio of the
vapor pressure of hexa”?cane at 1500C to the vapor
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~ressureof n-octane at 25°C. This gave a value
~fabout 0.5 ppm for hexadecane volubility at
.50°c. Using this figure and a recent cost quota-
:ionof $4/lb for 95% pure hexadecane,16the value
jf hexadecanethat is dissolved and nonrecoverable
.n the brine would be an acceptable 4.5% of the
~alueof recoveredCH*.

For the process to be feasible, the eolubil-
.tyof CH4 in hexadecanemust be significantly
ligherthan in the brine to effect an extraction.
:ukorand Prausnitz report Henry’s constants for
X14 in hexadecane in the temperaturerange of 25
:0 2000C.17Again assuming that Henry’s constant
M independentof pressure Up to 100 atm, a solu-
>ilityof 52,000 ppm is calculated for CH4 in
]exadecaneat 100 atm and 150°C. This compares
vithaiwut 540 PFM for CH4 in 16 wt% NaCl at the
;ame temperatureand pressure. Unlike gas strip-
?ing, solvent extraction can be more selective in
:emovalof CH4. This would be significant in high
:arbondioxide (COZ) brines where removal of COZ
:ouldelevate the pH-initiatingprecipitationof
iissolvedminerals. But like N2, C02 is also
:eadilysoluble in hexadecane.l$

Again using the data of O’~ullivan and Smith
:or CHQ volubility in 3M brine, and those of
:ukor and Prausnitz for CH4 in hexadecane at
~500c,17 the n~ber of ideal stages is determined

!or a countercurrentmultistage operation for ex-
tractionof CH4 frcm brine. For 90% CH4 recovery
and 2.26 lb hexadecane/100lb brine (corresponding
to twice the minimum solvent requirements),be-
tween three and four idsal stages would be re-
~uired to effect the separation. As previously
Iescribedfor the gas strippingoperations, stage
efficienciesare highly variable. The number of
actual stages will depend on stage design, fluid
properties,and process variables.

For continuous differentialcontact opera-
tion, we calculated about three or four ideal
transfer units would be needed. The number is
weakly dependent on the phase, solvent or brine,
that controls diffusionalmass transfer.

Figure 4 illustratesthe liquid extraction
operation for the conditions just described. The
operation is in principle quite simple. Yet the
tower design can be quite complex because of pCl-
tential problems that may arise from emulsion for-
mation and hence difficulties in phase separation.

Formation of stable emulsions is a major con-
cern in liquid-liquidextractionprocesses. Small

bubbles of expensive solvent rejected with spent
brine would be unacceptable. La concentrations
of surfactantsmay be necessary to assist in co-
alescing the dispersed phase. In addition, hold-
ing tanks may be required to allow settling, cC_
alescing, and optimal phase separation. Upon

separation,CH4 is recovered by simply releasing
the pressure on the extract.

~ intriguing idea that could favorably af-
fect the economics of the process is to utilize
the almost unlimited depth of the production well
as a cocurrent extraction column. The extractant
haxadecanewould be injected into the well via a
small-diametertubing string. The long contact
times and turbulent flow conditions would be fa-
vorable for effective mass transport. Phase sepa-

ration would be accrwnplishedon the surface.

mechanicalMIY1’HODSFOR METHANE RECOVERY

The simplest technique for recoveringdis-
solved CH~ is to lower the pressure to ambient and
collect the evolved gases. The principal disad-
vantages, as previouslymentioned, are the added
pumping costs required for brine injection and the
10SS of thermal energy if pressure is fully re-
duced to 1 atm and hence about 100”C. Further-
more, if positive-temperaturesoluble species are
present, they may precipitate, creating fluid
handling problems.

There are several potential methods that
utilize the hydraulic energy available in the
liquid discharged from the separator,which would
operate at pressures somewhat below the wellhead
but sufficient to drive the fluid-injectionopera-
tion. The methods to be discussed are variations
of positive-displacementhydraulic engines and
hydraulic turbines with special provisions to per-
mit CH* exsolution and recovery.

Hydraulic-DrivenMembrane Pump

The hydraulic-drivenmembrane pump is a se-
quential depressurization-repressurizationprc-
cess. A conventionalgas separator is used for
initial CHk separation frcm wellhead fluid. Pres-
sure in that separator is adjusted to satisfy in-

jection pressure requirements,pressure losses in
surface equigunent,and pressure requirementsthat
may be dictated by brine chemistry. Brine frcm
the separator passes alternately through at least
two depressurization-separationvessels in paral-
lel. At any moment one of the vessels is isolated
frcm the flowing stream and the contained fluid is
depressurizedto no less than the vapor pressure
of brine at 150°C (4.7 atm for pure water) to per-
mit CH+ exsolutionwithout flashing of the brine.
Concurrently, in the other vessel, brine (which
has already been repressurized)is expelled to the
injection well by displacementwith fresh brine
under pressure from the wellhead separator. To
prevent mixing, a mobile barrier must exist be-
tween the spent and fresh fluid volumes.

When these steps are completed in the respec-
tive vessels, the vessel function is reversed to
maintain mntinuous operation. Well flow is not
interrupted,dissolved CH+ is recovered, and di-
rect injection of the spent brine without pumping
is accomplishedby proper valve sequencing. The
process takes place at near isothermal and adia-
batic conditions and does not preclude extraction
of the thermal energy, if desired. The Fig. 5
schematic diagram illustratesthe basic flow
streams and valving required for the sequential
depressurization-repressurizationprocess.

There are several aspects of the process that
will require study and develowent. Methane ex-
solution rates and the dynamics of gas-liquid dis-
engagementwill require evaluation in laboratory
tests. Mixing of the rich and spent brines must
be held to an absolute minimum to ensure high
overall CH4 recovery. We are presently consider-
ing use of flexiblemembranes to meet these design
requirements. We will also need to develop the
valve sequencingoperation and the control system
for depressurizingthe vessels for CHIIrecovery.
The most practical shape of the vessels may not
necessarilybe spherical, but clam-shaped instead
to Dermit hiqher membrane cycle frequencies in

*

.
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xder to reduce displacementvolumes and hence
resselsize. It is conceivable that vessel sizes
bay remain large because of limitations in mem-
>ranecycling frequenciesor the kinetics of CH4
?xsolution. Being pressure vessels though, it is
>bviouslydesirable to minimize their volume.

lydraulic-DrivenReciprocatingPiston Pump

A coupled, dual piston arrangementwith a
;eparatelm-pressure vessel for CH4 exsolution is
;h~ in Fig. 6. This arrangementpresumably
>vercomesthe membrane system difficulties. It
jeparatesthe CHO exsolution step frcrnthe pumping
]Perationand by virtue of the piston-cylinder
iesignpermits higher cycle frequency and lower
~mp displacementvolumes.

TenturiNozzle

The pressure regimes developad in a venturi
mzzle may be advantageouslyutilized in this par-
ticularapplication. In a continuouslyflcwing
streamthrough the nozzle, the low-pressureregime
at the throat would permit CHq exsolution, fol-
lowed by liquid-pressurerecovery on the order of
70% in a properly designed divergent section.
Anticipatedproblems would be flow instabilities
?roducedby continuousCH4 exsolution in the con-
vergingsection of the nozzle, gas separation and
:emovalproblems in the throat, and entrance flew
instabilitiesin the divergent section. Scale
tormationin the nozzles could also be a serious
~roblem.

iydraulicTurbines

Other possibilities include use of hydraulic
turbinesor gear drives coupled directly to injee
tion pumps, as simwn in Fig. 7. Methane exsolu-
tion begins in the turbine chambers and is com-
pleted in a separatorvessel. Velocity-pump
reactionturbines and variations specificallymod-
ified for expansionof geopre~~ured fluids are
describedby Austin and House and may be appli-
cable in driving an injectionoperation.

All of these devices have mechanical and
hydrauliclosses that need to be evaluated. The
ultimate cbaice may not be based on the most ef-
ficientmachine, but rather on the most reliable
system capable of performing in the potentially
corrosiveand scale-forminggeopressured-brine
environment.

20NCLUSIONS

Based on economic assesaments,l~2exploita-
tion of the gaopressuredresource for CH4 recovery
does not lcok promising, unless CH4 selling prices
rise steeply relative to production costs. A sig-
nificant but not overriding reduction in costs can
be accomplishedby utilizing the pressure at the
wellhead/gasseparator for direct injection into
shallcw aquifers, thereby eliminatingor greatly
reducingO&M costs for injectionpumping. If it
beccunesnecessary to inject into the production
reservoir to maintain productivityand minimize
subsidence,maintenance of higher than normal
wellbead pressures could be adopted to signifi-
cantly reduce injection-pumpwork requirements.
This could be cost effective even with reduced
production rates. However, the option of pressure
maintenance has economic benefit only with recov-

ery of that remaining portion of CH4 still dis-
solved at elevated pressures. Extraction of CH4
at high temperaturesand pressures may be accom-
plishable by solvent extraction techniques.

Gas stripping is another technically feasible
method, but does not appear economical because of
gas dissolutionlases. Mechanical devices also
sba promise. These methods are variationsof
positive displacementhydraulicmotors and hy-
draulic turbines with separators or other provi-
sions to permit CH~ exsolution and subsequent
recovery. All of these techniqueswould operate
at near isothermalconditions,which would permit
thermal energy recovery if desired. More detailed
analyses of these methods includingmeasurements
of mutual solubilities,tests of small extraction
mlumns, design and tests of prototype machines
and separators, and estimates of process costs,
are now underway.
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TABLE 1

PARAMETERS USED TO ARRIVE AT A PROFITABLE SELLING PRICE OF METHANE

Study

Parameter Swanson and Osobal Doscher et al.2

Reservoir pressure, psi 10,318 11,000

Drainage area, mi2 12.6 11.0

Permeability, md 15 18

Porosity, % 20 21.6

Compressibility, psi-l 6 X 10-6 1.1 x 10-5

Thickness, ft 230 162

Well diameter, ft 0.458 0.400

Well depth, ft 15,560 13,000

Fluid viscosity, cp 0.20 0.236

CH4/bbl fluid, scf/bbl 40 40

Av flow rate, B/D 9,700 9,956

Well life, years 20 20

Required profitable $7.50/Mcf $9.24/Mcf
selling price (includes recovery (before federal

of $0.05/bbl for taxes)
thermal energy
component)



FIGURE CWTIONS

Fig. l-Freon 114 gas volubility in NaCl solution.

Fig. 2-Methane stripping from geopressured brines using Freon 114.

Fig. 3-Methane stripping from geopressured brines using N2 gas.
Purification by liquefaction or absorption.

Fig. 4-Methane extraction from geopressured brines by liquid extraction.

Fig. 5-Sequential depressurization-repressurization process for CH4
resorption and brine injection in geopressured systems.

Fig. 6-Hydraulic-driven piston pump with a CH4 separator.

Fig. 7-Coupled hydraulic turbine-pump with a CH4 separator.
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